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NOTICE 

This report was prepared as an account of Government-sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA) nor any person acting on behalf 
of NASA: 

a. Makes any warranty or representation expressed 
or implied with respect to the accuracy, complete- 
ness, or usefulness of the information contained 
in this report, or that the use of any information, 
apparatus, method, or process disclosed in this 
report may not infringe privately-owned rights; or 

b. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any in- 
formation, apparatus, method, or process disclosed 
in this report. 

As used above, "person acting on behalf of NASA" includes any 
employee or contractor of NASA, or employee of such contractor, 
to the extent that such employees or contractor of NASA, or 
employee of such contractor prepares, disseminates, or provides 
access t o ,  any information pursuant to his employment or con- 
tract with NASA, or his employment with such contractor. 

Request for copies of this report should be referred to: 

National Aeronautics and Space Administration 
Office of Scientific and Technical Information 
Washington 25, D.C. 

Attention: AF'SS-A 



1. In t roduc t ion  

The ob jec t ive  of t h i s  program i s  t o  develop improved mul t i -  

p l i e r  phototubes w i t h  v i s i b l e  response f o r  use i n  a p p l i c a t i o n s  

r equ i r ing  s t e r i l i z a t i o n .  These m u l t i p l i e r  phototubes a r e  p r i -  

mar i ly  intended f o r  use i n  s c i n t i l l a t i o n  counting. 

I n  t h e  course of a previous c o n t r a c t  a m u l t i p l i e r  phototube 

w i t h  v i s i b l e  response was developed which  could surv ive  a t  l e a s t  

t h r e e  cyc les  of d r y  heat s t e r i l i z a t i o n  w i t h  only moderate degrada- 

t i o n  i n  photocathode s e n s i t i v i t y .  Some s a c r i f i c e  i n  photocathode 

s e n s i t i v i t y  was made t o  improve s t a b i l i t y  and prevent high photo- 

cathode r e s i s t i v i t y .  

The f i r s t  approach taken i n  the  present  program was t o  s tudy 

high s e n s i t i v i t y  b i a l k a l i  photocathodes on conductive s u b s t r a t e s .  

The s u b s t r a t e s  were used t o  e l imina te  problems due t o  high r e s i s -  

t i v i t y  of t h e  photocathodes. 

because i n t e r a c t i o n  between the photocathode and the  conductive 

s u b s t r a t e  made i t  d i f f i c u l t  t o  achieve high photocathode s e n s i t i v i t y  

cons i s  t e n t  ly . 

T h i s  approach was not  f u l l y  success fu l  

During t h i s  r epor t ing  period a new photocathode designated "NR" 

has been s tud ied .  

does n o t  become r e s i s t i v e  a f t e r  s t e r i l i z a t i o n .  No conductive s u b s t r a t e  

i s  r e q u i r e d .  

T h i s  new photocathode has a high s e n s i t i v i t y  and 



2. Technical Progress 

Four 541NR-01-14 photomultipliers have been processed and 

tested. Three of these have been through five sterilization 

cycles, and one has been through three cycles. The spectral 

response, gain, and resolution were measured for each tube. 

Results are discussed in the next section. 

In the course of these experiments the resolution was worse 

than one would expect for the photocathode sensitivities observed. 

The resolution was improved significantly by replacing the scin- 

tillation crystal. 
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3 .  Test  Resul t s  and Analysis 

Test  r e s u l t s  on the  four  541NR-01-14 tubes a r e  summarized i n  

Table I. The parameters of primary i n t e r e s t  a r e  t h e  quantum e f f i -  

c iency,  vo l t age  requi red  f o r  l o 6  ga in ,  and r e s o l u t i o n .  

The quantum e f f i c i e n c y  a t  4100 2 a f t e r  t he  i - t h  cyc le  i s  repor ted  

a s  Q i  i n  percent  rounded t o  the n e a r e s t  whole number. The r e l a t i v e  

e r r o r  i n  measurement from cycle  t o  cyc le  i s  l e s s  than t e n  percent  of 

t h e  r epor t ed  va lue .  The r a t i o  of quantum e f f i c i e n c y  a f t e r  t he  i - t h  

cyc le  t o  t h e  i n i t i a l  quantum e f f i c i e n c y  Qo i s  given i n  each case and 

i s  t h e  c l e a r e s t  i n d i c a t i o n  of t he  behavior of t h e  photocathode s e n s i -  

t i v i t y .  A t a b u l a t i o n  of these  r a t i o s  i n  Table I1 f o r  t he  sample of 

four  tubes shows t h a t  tube D10068 d i f f e r s  s i g n i f i c a n t l y  from the  

o the r  three tubes which a r e  c lose ly  grouped. The grouping of t h e  

da ta  i n  t h i s  way i s  no t  e n t i r e l y  a r b i t r a r y .  

Tube D10068 was processed more than seven months e a r l i e r  than 

t h e  l a s t  t h r e e  which  may suggest some va lue  i n  processing tubes i n  

groups t o  reduce t h e  gradual  v a r i a t i o n s  i n  processing parameters 

which cannot be c l o s e l y  con t ro l l ed  over long per iods of time. A 

more thorough s tudy  of t he  tube processing records w i l l  be made. 
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On t h e  b a s i s  of t h e  r e s u l t s  of t h e  l a t e s t  three tubes ,  a de- 

c rease  i n  photocathode s e n s i t i v i t y  of approximately 25% of t h e  

i n i t i a l  va lue  can be expected a f t e r  t h r e e  cyc les .  

The l a s t  tube processed, D11026, was baked f o r  an  extended 

per iod on t h e  vacuum system a f t e r  photocathode processing i n  order  

t o  s t a b i l i z e  t h e  photocathode s e n s i t i v i t y .  T h i s  had no s i g n i f i c a n t  

e f f e c t  on t h e  tube s t a b i l i t y .  

The r e s o l u t i o n  da ta  i n  Table I a r e  complicated by the  rep lace-  

ment of t he  damaged s c i n t i l l a t i o n  c y r s t a l .  A c o r r e l a t i o n  of r e s u l t s  

can be made by measuring t h e  r e s o l u t i o n  of one tube a lone  us ing  a 

CRT l i g h t  pu l se r .  

f rom t h i s  r e s u l t .  

The r e s o l u t i o n  of t h e  c rys t a l  can be c a l c u l a t e d  

The poor r e s o l u t i o n  observed f o r  tube D11030 i s  a r e s u l t  of 

g a i n  i n s t a b i l i t y  which was observed a f t e r  t he  f i r s t  and each suc- 

ceeding cyc le .  
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4 .  Technical D i f f i c u l t i e s  

The NaI(T1) s c i n t i l l a t i o n  c r y s t a l  w a s  found t o  be de fec t ive  

and w a s  replaced by a new u n i t .  

measuring r e s o l u t i o n  of a phototube alone s o  t h a t  t h e  r e s o l u t i o n  of 

t he  c r y s t a l  can be c a l c u l a t e d .  The r e s u l t s  can then be c o r r e l a t e d .  

T h i s  i s  no t  a d i f f i c u l t  procedure, bu t  i t  w i l l  in t roduce  a s l i g h t l y  

g r e a t e r  unce r t a in ty  i n  t h e  r e s o l u t i o n  da ta .  

This p re sen t s  an added t a s k  of 

An i n s t a b i l i t y  i n  ga in  was observed on tube D11030 a f t e r  t h e  

f i r s t  and each subsequent cycle .  

t e r i s t i c  of tubes wi th  excess r e s i d u a l  gas .  

of contamination of t h e  tube envelope during assembly. 

This g a i n  i n s t a b i l i t y  was charac- 

T h i s  may be a r e s u l t  
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5. Planned A c t i v i t i e s  f o r  t he  Next Reporting Period 

The developmental phase of t h e  program i s  complete. The 

process ing  procedure used f o r  t he  541NR-01-14 m u l t i p l i e r  photo- 

tubes w i l l  be  used t o  process  the  f i n a l  t es t  sample when EMR 

receives approval  from JPL. 

t h i s  r e p o r t .  

A r eques t  f o r  approval  accompanies 
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TABLE I1 

Summary of Qi /Q, for the Developmental 

i 

1 

2 

3 

4 

5 

D11068 

0.78 

0.67 

0.52 

0.51 

t 0.48 

541NR-01-14 Multiplier Phototubes 

D11030 

0.85 

0.85 

0.70 

0.64 

0.53 

D11027 D11026 

0.86 0.82 

0.82 0.78 

0.78 0.75 

0.75 -- 
0.69 -- 

Average 

0.83 

0.78 

0.69 

0.63 

0.57 


